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Abstract—The growing demand in indoor small cell networks
has given rise to the concept of micro-operators (MOs) for local
service delivery. We model and analyze a spectrum sharing
system involving such MOs where a buyer MO buys multiple
licensed subbands provided by the regulator. Also, all small cell
base stations (SBSs) owned by a buyer MO can utilize multiple
licensed subbands at the same time which are also used by
other MOs. A deterministic model in which the location of the
SBSs are known can lead to unwieldy problem formulation,
when the number of SBSs is large. Subsequently, we adopt a
stochastic geometric model of the SBS deployment instead of a
deterministic model. Assuming that the locations of the SBSs can
be modeled as a homogeneous Poisson point process, we find the
downlink signal-to-interference-plus-noise ratio (SINR) coverage
probability and average data rate for a typical user (UE) served
by the buyer MO in a spectrum sharing environment. In order to
satisfy the QoS constraint, we provide a greedy algorithm to find
how many licensed subbands and which subband for the buyer
MO to purchase from the regulator. We also derive the coverage
probability of the buyer MO for interference the limited system.
Index Terms—Micro-operator, spectrum sharing, stochastic
geometry, coverage probability, average data rate.
I. INTRODUCTION
In recent years, the concept of network infrastructure and
spectrum sharing has been investigated to address the resource
sharing problem for the network operators. On one hand, with
the increasing of demand for mobile services, the under utiliza-
tion of licensed spectrum auctioned off to the mobile network
operators has become a bottleneck for the future growth of
the industry [1]. On the other hand, in rural areas, where the
demand can be low, the high cost of network infrastructure
forces the network operators to charge high prices to their
customers, this makes the service unaffordable to most people
[2]. One of the key aspects of the fifth generation (5G) mobile
communication networks is to maximize the usage of existing
network resources in terms of spectrum, infrastructure, and
power while simultaneously minimizing the cost of purchasing
resource, and reducing the energy consumption of the mobile
devices [2], [3].
Nowadays wireless mobile service is given by typical mo-
bile network operators which we refer to here as MNOs whose
business model is to offer services with very high infrastruc-
ture investments and long investment period [3]. Regarding
the research works based on the MNOs’ points of view, in
[4], the concept of neutral host network deployment was
proposed where the MNOs deploy cells in the best positions
with optimal tuning to satisfy the quality-of-experience (QoE).
The authors also considered the sharing of other resources such
as spectrum, rate, power adaptation, edge caching, and load
balancing, which can be done across different virtual MNOs.
In order to facilitate the local licensing models and to construct
in high frequency band, the new innovations for mobile
edge computing, network slicing, software defined networking,
massive MIMO and wireless backhauling was proposed in [5].
In [6], hardware demonstration of the benefit of inter-operator
spectrum sharing was demonstrated. Resource sharing in the
context of heterogeneous network and cloud RAN concepts
was proposed [7].
Regarding stochastic geometry modelling of cellular sys-
tems owned by the MNOs, in [8], the point processes that
model the spatial characteristics of the base stations (BSs)
belonging to multiple MNOs was empirically studied, using
the data from field surveys in Ireland, Poland, and UK. The
authors conclude that the log-Gaussian Cox process is the best
fit for the deployment patterns of the BSs. In [9], the authors
considered a single buyer–multiple seller BS infrastructure
market as a Cournot oligopoly market. They modeled the
locations of the base stations as a homogeneous Poisson point
process and obtained the downlink signal-to-interference-plus-
noise ratio (SINR) coverage probability for a user served
by the buyer MNO in an infrastructure sharing environment.
However, since the high volume of traffic densities comes from
indoor environment such as hospitals, campuses, shopping
malls, sport arenas, it leads to the problem that the traditional
macro cellular networks become insufficient when the building
penetration losses limit the indoor connectivity [10]. Hence,
in the future, the business model, which is dominated by the
MNOs, will become inadequate and various services cannot
develop unless the wireless systems can response rapidly to
the specific local traffic requirements.
One possible paradigm to address the above issue is to use
the concept of micro operator (MO) to serve the specific local
connectivity as firstly started in [11]. The authors identified
the business model for the new MO concept. In [10], the MO
concept with the relation between MO to other stakeholders
was proposed. Also the new spectrum regulation for MO
network was provided. In this paper, we consider the scenario
where one MO buys multiple licensed subbands from the
regulator. In the spectrum sharing deployment, all the SBSs of
the buyer MO can utilize multiple subbands. Also, the buyer
MO allows the other MO who has low activity of UEs to
utilize each subband at the same time. As such, for downlink
transmission, each typical UE of the buyer MO experiences
interference from the SBSs belonging to the other MO who
is occupying that particular subband. We use results from
stochastic geometric analysis of large-scale cellular networks
to evaluate SINR outage probability and the average data rate
for such a spectrum sharing system. In order to satisfy the
QoS constraint in terms of coverage and the minimum required
rate, we provide a greedy algorithm to find how many licensed
subbands and which subbands the buyer MO has to purchase
from the regulator. Then, in the simulation results, we show
that spectrum sharing for MO network is beneficial for both
coverage and average data rate.
II. SYSTEM MODEL, ASSUMPTIONS, AND QOS
A. System Model and Assumptions
Consider a system with the set of licensed spectrum subband
L = {L1, . . . , L2, . . . , LJ} owned by the regulator. We con-
sider a system with K+1 micro-operators (MOs) given by the
set K = {0, 1, . . . ,K}, where each MO serves different local
area such as, university, hospital and supermarket. Let MO-
0 denotes the buyer who wants to buy the multiple licensed
subbands from the regulator and MO-k, where k ∈ K\{0}
is the other MO who is occupying the subband Lj , where
Lj ∈ L. We assume that each MO-k, where k ∈ K\{0},
has low level of UEs’ activity. Let the set of small cell base
stations (SBSs) owned by the MO-k be given by Fk, where
k ∈ K. Each of the SBSs and UEs is assumed to be equipped
with a single antenna. The maximum transmit power of each
SBS is pmax also a UE subscribing to an MO associates to the
nearest SBS. The SBSs owned by different MOs are spatially
distributed according to homogeneous Poisson point processes
(PPPs). Let the spatial intensity of SBSs per unit area of
MO-k be denoted by λk, where k ∈ K. We can denote the
overall net BSs intensity of all MOs as sum of all λk by
λ0 +
∑
k∈K\{0} λk.
The licensed subbands are orthogonal and hence there is no
overlap between any two licensed subbands. We study when
the buyer MO-0 buys multiple spectrum from the regulator
and it allows other MO-k, where k ∈ K\{0}, which has a
low level of UEs’ activity, to use each subband. For spectrum
sharing among multiple MOs, we assume that the following
assumptions hold:
Assumption 1. The MO-0 serves each typical UE of MO-0
itself using its own infrastructure while buying the licensed
spectrum from the regulator. The typical UE of MO-0 asso-
ciates with the nearest SBS in the set F0 owned by the MO-0.
Since each SBS can utilize multiple subbands, this implies that
in each subband Lj ∈ L, the net SBS intensity that a typical
UE of MO-0 can associate itself with is
λA = λ0(Lj). (1)
Assumption 2. When the SBSs of MO-0 use the subband Lj ∈
L, MO-0 allows at most one kth MO, where k ∈ K\{0}, to
use the same subband simultaneously. Also, each SBS of MO-
0 is assumed to use multiple subbands. As for the downlink
transmission from one SBS to each typical UE, each UE will
receive transmissions from multiple subbands (channels) at the
same time. In each subband Lj , the typical UE of MO-0 will
experience interference from SBSs F0\{0} of MO-0 and Fk of
MO-k, where k ∈ K\{0}. When all the SBSs of MO-0 use the
licensed subband Lj ∈ L, we have the intensity of interfering
SBSs in each subband Lj as
λI(Lj) = λ0(Lj) + νkλk(Lj), for k 6= 0. (2)
Here 0 ≤ νk ≤ 1 denotes the level of UEs’ activity of MO-k
in the subband Lk.
Fig. 1. The MO-0 buys only spectrum while using its own infrastructure.
Fig. 1 illustrates the scenario when the MO-0 buys spectrum
from the regulator. At the same time, there is another MO-
k, where k ∈ K\{0}, which uses the same subband. In each
subband Lj , where Lj ∈ L, MO-0 allows at most one MO-k to
utilize the same subband. In this figure, MO-0 buys subbands
L1 and L3 to serve its UE-3 which is associated with SBS-2.
Since the SBSs of MO-0 can use multiple subbands (according
to Assumption 2), in this figure, we assume that SBS-2 of
MO-0 uses all three subbands L1, L2, and L3 to serve its
UEs.
We see that in the subband L1, the transmit signal from the
SBS-1 of MO-1 creates interference to the typical UE-3 of
MO-0. Similarly, in subbands L2 and L3, the transmit signal
from the SBS-1 of MO-2 and the transmit signal from the
SBS-2 of MO-3 cause the interference to the typical UE-3
and the typical UE-1 of the MO-0, respectively.
B. SINR Coverage and Average Rate
Without loss of generality, we assume a typical UE of MO-
0 located at the origin and associates with the nearest SBS of
MO-0 from the set given by F0. For the typical UE of MO-0,
we will denote the nearest SBS from F0 as SBS-0.
We assume that the message signal undergoes Rayleigh fad-
ing with the channel power gain given by g0. Let α > 2 denote
the path-loss exponent for the path-loss model r−α0 , where r0
is the distance between the typical UE and SBS-0. Let σ2
denote the noise variance, and p denote the transmit power of
all the SBSs in MO-0, including SBS-0. The downlink SINR
at the typical UE of MO-0 is
SINR =
g0r
−α
0 p
I + σ2
, (3)
where I is the interference experienced by a typical UE
from the SBSs that operate on the spectrum Lj where
Lj ∈ L. These are the SBSs that belong to MO-k,
where k ∈ K\{0} and MO-0. Thus, the interference I =∑
i∈Fk∪F0\{0}
ψi,jgir
−α
i p. Here gi is the co-channel gain
between the typical UE and interfering SBS-i, and ri is the
distance between the typical UE and the interfering SBS-i,
where i ∈ Fk ∪ F0\{0}. The transmit power of each SBS is
0 < p ≤ pmax. Then, we assume ψi,j ∈ {0, 1} as a binary
variable indicating whether the SBS-i is active (if ψi,j = 1)
or inactive (if ψi,j = 0) in spectrum subband Lj .
For a given threshold T , if SINR < T the UE is said to
experience an outage (i.e., outage probability Poutage(T ) =
Pr(SINR < T ). Likewise, if SINR > T , then the UE is
said to have coverage (i.e., coverage probability, Pc(T ) =
1 − Poutage(T ) = Pr(SINR ≥ T ). Given the SINR coverage
probability, the average downlink transmission rate for a
typical UE can be computed as
E[R] =
∫ ∞
0
Pc(e
T − 1) dT. (4)
We consider both the SINR coverage probability and a mini-
mum average rate as the QoS metrics for a typical user.
III. ANALYSIS OF SINR COVERAGE PROBABILITY
A. SINR Coverage Probability When MO-0 Uses a Single
Band
Following to [12, Theorem 1], conditioning on the nearest
BS at the distance r from a typical UE, the coverage proba-
bility averaged over the plane is
Pc =
∫
r>0
Pr(SINR > T | r)fr(r) dr, (5)
where the probability density function (PDF) of r can be
obtained as [12], fr(r) = e
−piλr22πλrdr. Using the fact that
the distribution of the channel gain follows an exponential
distribution, a formula for a coverage probability of the typical
UE when the BSs are distributed according to a homogeneous
PPP of intensity λ is derived in [12, Eqn.2]. By observation,
we can express the coverage probability in the most general
form in terms of three components which are noise, interfer-
ence and user association while each BS employs a constant
power p = 1/µ as follows:
Pc =
∫
z>0
e−µTz
α/2σ2︸ ︷︷ ︸
noise
e−pi(λI(β−1))z︸ ︷︷ ︸
interference
e−λApizπλA︸ ︷︷ ︸
user association
dz, (6)
where λI is the BS intensity causes interference to a typical
UE, the UE associates with the closest BS (where the BS
intensity is λA), the path-loss exponent is denoted as α, and
β is given by
β =
2(T/p)2/α
α
Eg[g
2/α(Γ(−2/α, T g/p))− Γ(−2/α)]. (7)
In particular, the general expression of the coverage proba-
bility in (6) can be expressed as [12, Theorem 1]
Pc = πλA
∫ ∞
0
exp{−(Az +Bzα/2)}dz, (8)
where A = π[(λI(β − 1)) + λA] and B =
Tσ2
p . When the
interfering links undergo Rayleigh fading, β = 1 + ρ(T, α),
where
ρ(T, α) = T 2/α
∫ ∞
T−2/α
(1 + uα/2)−1du. (9)
For this special case, we see that β is independent of transmit
power. Except for α = 4, the integral for Pc cannot be
evaluated in closed form. Nevertheless, a simple closed-form
approximation for the general case, where α > 2, and where
both noise and intra-operator interference are present, can be
given as [13, Eqn.4]
Pc ≃ πλA
[
A+
α
2
B2/α
Γ
(
2
α
)]−1 , (10)
in which Γ(z, a) =
∫∞
z x
a−1e−xdx is the upper incomplete
Gamma function.
B. SINR Coverage Probability Under Spectrum Sharing
In our spectrum sharing model, the regulator sells the
licensed subband to the MO-0 while some of the SBSs of
the MO-k, where k ∈ K\{0}, are using the same subband.
Also, we consider that all SBSs of MO-0 are using L licensed
subbands (where | L |= L, | A | denotes the cardinality of a
set A) at the same time. Due to the fact that MO-0 buys only
spectrum, the UEs of MO-0 always associates to the SBS-0,
where {0} ∈ F0. For our system, since the SBSs of MO-0
utilize multiple subbands at the same time, we have to modify
the formulas (6) and (8) and show that a more general coverage
formula is given as follows:
Proposition 1. Under Assumption 1 and Assumption 2, the
coverage probability of a typical UE of MO-0 is
Pc =
∑
Lj∈L
Pc(Lj) Pr(Lj), (11)
where Pc(Lj) denotes the coverage probability of the UE of
MO-0 using band Lj and Pr(Lj) is the probability of the
typical UE of MO-0 using band Lj .
By using the conditional probability, we obtain the coverage
probability Pc(Lj) of the MO-0 when it uses the band Lj
given the probability of using the band Lj , Pr(Lj), in which,
Pr(Lj) ∈ {0, 1} indicating whether the MO-0 buys and uses
the licensed band Lj (if Pr(Lj) = 1) or the MO-0 does not use
the subband Lj (if Pr(Lj) = 0). Then, we take the summation
over the bands L, where | L |= L.
Let us consider he case when λI(Lj) = λ0(Lj)+νkλk(Lj)
and νk = 1. Since all SBSs F0 of MO-0 using the licensed
band and in each aubband Lk, while there is MO-k who has
low activity UEs occupying that band. We can denote νk = 1
in (2). The intensity of interfering SBSs in the band Lk is
λI(Lk) = λ0(Lk) + λk(Lk), where k ∈ K\{0}.
Proposition 2. Under Assumption 1 and Assumption 2, the
coverage probability of a typical UE of MNO-0 using the band
Lj , where Lj ∈ L, is given by
Pc(Lj) = πλA
∫ ∞
0
exp{−(A1z +Bz
α/2)}dz, (12)
where A1 = π((λ0(Lk) + λk(Lk))β − λk(Lk)), and by
Assumption 1, we can assume λA = λ0. Also, β and B are
given by (7) and (8), respectively. Then, we can approximate
Pc(Lj) in (12) using (10) as
Pc(Lj) =
πλ0(Lj)
A1 +
α
2
B2/α
Γ( 2α )
. (13)
Without loss of generality, we can assume Pr(Lj) = 1,
where Lj ∈ L. Hence, we obtain Pc as
Pc =
∑
Lj∈L
πλ0(Lj)
A1 +
α
2
B2/α
Γ
(
2
α
) . (14)
Proof: We obtain Pc(Lj) in (12) by using an expression
in (8) after that evaluating (12) by using a closed form
approximation in (10), where B and β are the same as (8).
Then, we can express Pc by substituting Pc(Lj) in (11) while
assuming Pr(Lj) = 1.
Next, we consider the scenario when the system becomes
“interference-limited”, which occurs when σ2 → 0.
Proposition 3. The coverage probability for interference-
limited case when the MO-0 using the subband Lj , where
Lj ∈ L, can be expressed as
Pc =
∑
Lj∈L
1
β + (β − 1)λk(Lj)λ0(Lj)
, (15)
in which, the λk(Lj) and λ0(Lj) are the SBS intensity of
MO-k and MO-0 using the band Lj , respectively.
Proof: Let L = |L|. For interference-limited case, i.e.,
B → 0 in (14), and let C = α2
B2/α
Γ
(
2
α
) as such we can
neglect C when the system becomes interference limited. After
simplifying (14) while assuming C = 0, we have the required
result.
IV. AMOUNT OF SPECTRUM BANDS REQUIRED TO
SATISFY THE QOS
The expected rate can be derived using the closed form
approximation of coverage probability from (10) with the
assumption that interference is Rayleigh fading where β =
1+ ρ(Tˆ , α), given in (9), with Tˆ = eT − 1. The expected rate
E[R] for the general case can be given by
E[R] = πλA
∫ ∞
0
[
π
(
λI Tˆ
2/α
∫ ∞
Tˆ−2/α
(1 + uα/2)−1du+ λA
)
+
α
2
B2/α
Γ(2/α)
]−1
dTˆ ,
= πλA
∫ ∞
0
[
π
(
λI
2Tˆ
α− 2
2F1
(
1, 1−
2
α
; 2−
2
α
; 1− Tˆ
)
+ λA
)
+
α
2
B2/α
Γ(2/α)
]−1
dTˆ , (16)
where Γ(z), and 2F1(a, b, c, z) are the Gamma function, and
the Hypergeometric function, respectively. The average rate in
(16) is valid for any real values of α > 2, T > 0 and can be
evaluated by numerical integration techniques.
Proposition 4. The expected rate of a typical UE of MO-0
using multiple subbands L, while in each subband Lj ∈ L,
there is other MO-k who has low activity UE using the same
subband is
E[R] =
∑
Lj∈L
πλ0(Lj)
∫ ∞
0
[
π
{
(λ0(Lj) + λk(Lj))
(
2Tˆ
α− 2
)
× 2F1
(
1, 1−
2
α
; 2−
2
α
; 1− Tˆ
)
+ λ0
}
+
α
2
B2/α
Γ(2/α)
]−1
dTˆ .
(17)
Proof: As the average rate is obtained by taking an
integration of Pc with respect to Tˆ from zero to infinity, and we
use Pc from (14). Following Assumption 1 and Assumption
2, when MO-0 uses the band Lj to serve its UE, we substitute
λA = λ0(Lj) and λI = λ0(Lj) + λk(Lj) in (16). We obtain
the result in (17).
Let us further assume that the MO-0 wants to ensure that
the coverage probability of a typical UE satisfies the QoS
constraint
Pc ≥ 1− ǫ, (18)
where 0 < ǫ < 1 is some arbitrary value.
In order to satisfy the QoS constraint in (18), the buyer
MO-0 will select the number of licensed subbands needed,
at minimum cost, such that it can serve its UEs guaranteeing
some QoS. Due to the fact that, there is a cost associated with
each subband denoted as qLk , then we use greedy algorithm to
find which subband and how many of them the MO-0 will buy
to satisfy the QoS of its UE. Let N =
∑
l∈LNl denote the
minimum number of licensed subbands needed for the MO-
0. For the QoS condition of the minimum rate requirement
needed at each UE of the buyer MO-0 denoted by Rmin to be
feasible, the minimum number of licensed subbands needed
must satisfy
N × E[R] ≥ Rmin, (19)
Let E[R] denote the expected rate at the UE of MO-0 obtained
from (16). For MO-0, the maximum number of bands required
in order to satisfy both SINR coverage and the minimum rate
required at it’s typical UE is
Lmax = max{N,M}, (20)
where M =
∑
l∈LMl is the number of licensed subbands
needed to satisfy the rate constraint. Let us now propose
a simple greedy algorithm in [14, Chap 17.1] to select for
the MO-0 to select which licensed subband and how many
licensed aubbands that the MO-0 will purchase from the
regulator. The greedy algorithm is provided in Algorithm
1. The idea behind this greedy algorithm is as follows: We
first sort the licensed subbands Lj ∈ L according to the cost
per subband qLj in an ascending order. After using the greedy
algorithm, we obtain Lmax number of licensed subbands in
order to satisfy both of the coverage QoS and the minimum
rate needed at the UE.
Algorithm 1 Greedy Algorithm
1: Sort the subbands by qLj in ascending order such that
qpi1 ≤ qpi2 · · · ≤ qpiLJ
2: for i = 1 to LJ do
3: Set N = {π1, . . . , πLj} where |N | = N
4: if
∑
l∈N
piλ0(l)
A1+
α
2
B2/α
Γ
(
2
α
) ≥ 1− ǫ then
5: Compute
∑
l∈N Ml =M .
6: end if
7: if
∑
l∈LNl × E[R] ≥ Rmin then
8: Compute
∑
l∈N Nl = N .
9: Terminate
10: end if
11: Compute Lmax = max{N,M}.
12: end for
13: Compute Pc using (14) with L = Lmax.
14: Compute E[R] using (16) with L = Lmax.
V. NUMERICAL RESULTS
We assume that the SBSs are spatially distributed according
to homogeneous PPP inside a circular area of 500 meter radius
for all K + 1 MOs. The MOs are assumed to have the same
intensity of SBSs per unit area. The maximum transmit power
of each SBS is pmax = 10 dBm. The path-loss exponent
is α = 4, and noise power σ2 = −150 dBm. Each SBS
from all MOs transmits at the maximum power. The coverage
probability is obtained from (14) and the average data rate
is plotted accordingly. We illustrate the simulation results for
the case when the buyer MO-0 purchases multiple licensed
subbands while assuming that the cost of each subband is
equal.
A. Effect of Changing the Average Number of SBSs of MO-0
per Unit Area
In Fig. 2 and Fig. 3, the simulation parameters are as
follows: the SINR threshold at each typical UE of MO-0 is
set to T = 10 dB. We consider when the regulator sells two
licensed subbands and each subband has one MO-k, where
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Fig. 2. The coverage probability of the typical UE of MO-0 while increasing
the number of MO-0 per unit area.
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Fig. 3. The average data rate of the typical UE of MO-0 while increasing
the number of MO-0 per unit area.
k ∈ K\{0} is occupying the subband. The MO-0 is using
its own infrastructure to serve its UE. We consider the cases
when the MO-0 buys two licensed subband, it means that each
SBS of MO-0 utilizes two licensed spectrum at the same time.
Fig. 2 plots the coverage probability when the average number
of SBSs of MO-0 per unit area π × 5002 is increased. When
average number of SBSs of MO-0 increases, the coverage
probability of MO-0 is also increased. By increasing the SBSs
intensity of the MO-k, where k ∈ K\{0} in each subband Lk,
we see that the coverage probability of MO-0 decreases. This
is not surprising since the SBS intensity of MO-k in which
k ∈ K\{0} causes interference in each band Lk.
In Fig. 3, the average data rate of MO-0 is shown. When the
average number of SBSs of MO-0 increases, the average data
rate of MO-0 is increased. We also show when the average
number of SBS of MO-0 is very high such that it tends to
infinity, the average data rate tends to saturate at one value.
Also when the SBS intensity of MO-k, where k ∈ K\{0}
increases, the average data rate decreases.
B. Effect of Changing the SINR Threshold
In Fig. 4 and Fig. 5, we illustrate the coverage probability
and the average rate of MO-0 when the increasing of SINR
threshold (T ) at each UE of MO-0. The SBS intensity of MO-
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Fig. 4. The coverage probability of the typical UE of MO-0 when increasing
the SINR threshold (T).
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Fig. 5. The average data rate of the typical UE of MO-0 with increasing the
SINR threshold (T ) at the UE of MO-0.
0 is set to λ0 = 10/(π ∗5002). We see that when T increases,
the SINR coverage probability of MO-0 decreases. We also
consider when the MO-0 buys two, four and six licensed
bands. In Fig. 4, we see that when the number of licensed
subbands increases, the coverage probability also increases.
Although for the case of the MO-0 buys six licensed subbands
with high SBSs intensity of MO-k, the coverage of MO-0 still
increases. In Fig. 5, we see that the average data rate remains
constant when the SINR threshold increases. This is because,
we first calculate the coverage probability for each threshold
(T ). Then, integrate the coverage probability Pc with respect to
the threshold, the expression of the average data rate becomes
(17). As such, the average data rate remains constant with
the changing of T . However, the average data rate increases
significantly when MO-0 buys more bands.
VI. CONCLUSION
We have studied the problem of spectrum sharing among
multiple micro-operators (MOs) using stochastic geometry,
where the buyer MO buys multiple subbands from a regu-
lator. Also, the buyer MO allows other MOs to utilize the
same subband. We have first analyzed the downlink coverage
probability for a typical user served by a buyer MO, and
subsequently, we have derived the average data rate. Both
the SINR coverage and a minimum rate requirement are
considered as the QoS metrics. In order to satisfy the QoS
constraints of the typical user served by the buyer MO, we
have provided a greedy algorithm to find how many subbands
and which subbands for the buyer MO to purchase from the
regulator. Both the coverage and the average data rate of the
buyer MO increase when the buyer MO buys more licensed
subbands. However, when the average number of SBS per unit
area of the buyer MO increases and approaches infinity, the
average data rate for a typical user served by the buyer MO
saturates to a single value.
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